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In order to derive transition probabilities from intensity measurements of Ar I lines made by 
Dieke and Crosswhite, new transition probabilities for 26 lines from high levels in An have been 
measured in a high current constricted arc With these data, relative level populations of Ar I in Dieke 
and Crosswhite's micrewave discharge are determined and transition probabilities for 240 lines of 
Arl in the wavelength range 4100 to 9800 A are derived. The new values are compared with other 
published values. 
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1 . Introduction 

In 1954 G. H. Dieke and H. M. Crosswhite pub- 
lished a report [1] l on the first spectrum of argon that 
included original intensity measurements made at 
The Johns Hopkins University spectroscopic labora- 
tory. In the report, line intensities are tabulated for 
several types of discharges at argon pressures of 3 
torr 2 and below. In addition a photoelectric tracing 
of the argon spectrum produced by a microwave dis- 
charge in argon at 6.5 torr pressure is reproduced. The 
traces and the tabulated values are corrected for 
changes of response of the apparatus with wavelength 
by comparison with a calibrated tungsten lamp. 

By using absolute transition probabilities for a num- 
ber of lines whose upper energy levels are well dis- 
tributed throughout the energy level structure of An, 
we have been able to determine the relative populations 
of the energy levels excited in the argon microwave 
discharge and derive transition probabilities for 
several hundred lines measured in that discharge. 

2. Measurement of Lines from High Levels 

The relative populations of Ar I levels in the Dieke- 
Crosswhite discharge were determined from gA values 
measured in a consistent set of high-current con- 
stricted arc experiments [2, 3]. Since these measure- 
ments included no lines with upper levels above 
120000 cm 1 , more arc measurements of lines from 
high levels were undertaken to permit calculation of 
Dieke-Crosswhite relative populations at higher 
energy levels. These measurements were made side-on 



1 Figures in brackets indicate the literature references at the end of this paper. 

2 Editor's Note: 1 torr= 1/760 standard atmospheres = 133.322 N/m 2 . 



in a wall-stabilized arc operating in argon at 1 atm 
total pressure at currents of 30, 40, and 60 A. In each 
experiment the continuum intensity at 4315 A was 
recorded during the usual side-on traverse of the arc. 
Then in a view only of the center, i.e., along an arc 
diameter, the spectral regions of interest were re- 
corded. The intensity measurements were put on an 
absolute scale by recording the spectrum of a cali- 
brated tungsten strip filament lamp placed in the arc 
position and with the arc window in the optical path. 
From an Abel inversion of the 4315 A continuum in- 
tensity the radial temperature distribution in the arc 
was calculated using equilibrium argon composition 
tables [2] and the approximate continuum intensity 
expression [4]: 

/=1.63X 10- 28 y£(X)iVi/(7^ 2 A 2 Z + ) 

erg cm _:i sr" 1 s" 1 A -1 

where N e is the electron number density, T is the tem- 
perature, Z+ is the ion partition function, and y = 6 
for argon. In a separate set of experiments carried 
out by methods previously described [2] a value for the 
Gaunt factor £(4315 A) of 2.3 was obtained in good 
agreement with the value 2.4 reported by Morris et al. 
[5], for similar experiments. From the radial tempera- 
ture distribution the number of excited atoms along 
an arc diameter was computed as a function of upper 
energy level again using the equilibrium composition 
tables and integrating across the source. The gA 
values then follow directly by division of the measured 
line intensities by the number of emitters in the 
appropriate upper levels. 

In order to minimize any systematic errors the 4300 
A Ar I transition probability was measured in each 
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experiment along with the other lines and the scale 
factor required to produce A43oo = 4.11 X 10 5 s _1 , the 
value reported in [2], was then applied to all the other 
gA values. In every case the correction factor was 
within 11 percent of unity. The resulting arc measured 
transition probabilities are given in column 4 of table 
1. Systematic errors arising, for example, from any 
inaccuracies involved in the integrations leading to 
the number of emitters along an arc diameter, or from 
the failure to record the spectrum exactly at the arc 
center, or from any uncertainty in £(4315 A) are be- 
lieved negligible. The fact that the transition proba- 
bilities proved to be independent of the arc current 
suggests that local thermodynamic equilibrium 
(L.T.E.) among the Ar I levels was maintained even at 
the low electron densities (~ 2 X 10 16 ) of the 30 A arc, 
although this test is obscured in the high energy lines 
by the uncertainty in the large line wing corrections 
that were required. 

Quantitative line wing corrections were made 
wherever practical by assuming dispersion profile 
line shapes [6] and, in addition, allowing for over- 
lapping with other highly Stark broadened neighbor- 
ing lines. In the comparatively favorable case of the 
narrow 4300 A line of Ar I which lies 30 A from its 
nearest neighbor this intensity correction amounts to 
3 percent even in the 30 A arc. At the higher currents 
with N e — 10 17 cm" :i , 10 to 15 percent of the line inten- 
sity lies beneath the apparent "continuum background" 
established by the intensities at 4285 and 4315 A. 
The transition probabilities obtained from the 60 A 
arc required such large wing corrections (factors of 2) 
for the lines from high levels that their accuracy is 
doubtful and we have omitted them from the averages 
presented in table 1 although their mean deviation 
from these averages is only 7 percent. 

A few transitions are included in which no reso- 
lution of the arc experimental intensities into indi- 
vidual lines was possible. In these cases either the 
upper energy levels were sufficiently close together 
(e.g., 5738-40 A, 4334-5 A) that the total gA value 
still has meaning, at least for most quasi-thermal 
sources, or, as in the case of the 6032 A Ar I line, a 
reasonably unambiguous resolution could be effected 
by the use of tentative relative gA values from the 
Dieke and Crosswhite data. Since the Dieke-Cross- 
white relative values in turn depended somewhat 
upon this resolution the procedure was necessarily 
an iterative one. 

3. Level Populations and Intensities in the 
Microwave Discharge 

With the aid of the transition probabilities of refer- 
ences [2J and [3] and the new measurements in table 1 
we can examine the level populations in the discharges 
studied by Dieke and Crosswhite. We have chosen to 
work with the 6.5 torr microwave discharge for two 
reasons: the higher the pressure, the more nearly a 
discharge tends to exhibit an equilibrium population 
distribution and, furthermore, since the data are taken 



from tracings, it is possible to subtract the background 
radiation. It is evident by comparison with the tracings 
that their tabulated values have not been so corrected. 



Table 1 . Neiv values and published values of transition probabilities 
for Ar I 



Wave- 
length 



A 

3607 
3650 
3691 
4159 
4164 

4182 
4198 
4201 
4251 
4259 

4266 

4272 
4300 
4334 
4335 

4345 
4364 
4424 
4511 
4522 

4589 
4596 
4628 
4702 
5188 

5738 
5740 
5834 
5860 
5912 

6032 
6059 



Transition 



ls4-4p : , 
Ls>-4p, 
1*5 -4Y 

Ls 5 -3p 6 

U>-3p 7 

lS; { -3p 2 
lS4-3p;, 

ls.->-3p !( 

Is.-, — 3pio 
1 s-2 — 3p i 

ls4-3p« 
ls-i — 3p 7 
Ls 4 — 3p H 
1$2 — 3p :i 
ls> — 3p 2 

ls> — 3p ( 
ls 4 -3pi 

1 5; { — 3p 7 

ls 2 — 3p.-, 

lS;j-3pio 

ls> — 3p« 
l5 2 -3p 7 
1s>-3pk 
ls 2 — 3p )0 
2pi„-5si" 

2p 7 -6de 

2p 7 — 5s\'" 
2p 6 -5s," 

2pi — 352 

2p, -4s,' 

2p 9 — 5^4 ' 
2p,«-4s," 



A X 10~ 5 (sec" 1 ) 



10.9 

10.6 

(#4 = 1.6) 

15.9 

2.9 



1.2 
43.5 

3.6 
8.7 
4.11 

(gA=U.Y 

3.5 

0.2 

.1 

12.6 

1.0 

0.04 
1.2 

0.5 
1.21 
14.8 

(gA = 52.2) 

6.4 

3.5 

11.7 

24.3 
5.1 



Avg. from 
literature 



9.9±1.4 
10.0±0.8 



15.5±1.4 
2.73 ±0.23 

5.3 ± .8 
31.0± .4 
10.0± .5 
1.10± .14 

45. ±4. 



3.3: 
8.7: 
4.1: 
6.2: 
4.3: 



0.2 
.4 
.2 
.3 
.3 



3.5± .1 
.163± .004 
.091 ± .009 
12.2±1.1 
1.07 ±0.08 



1.12 ± .05 

.46 ± .02 

1.19± .02 



25.6±1.1 
4.9±0.2 



Dieke- 
Cross 
white 
disch. 



13.5 
2.90 

5.8 

25.9 
9.7 
1.32 

45. 

3.6 
9.0 
4.2 

7.4 
4.4 

4.1 
0.196 
.109 
9.4 
0.95 

.047 
1.19 
0.49 
1.43 
15.3 



8.9 

6.7 

3.7 

12.2 

22.7 
5.4 



To determine the level populations from the data 
at hand, we note that the radiant power of a spectrum 
line emitted by N u atoms in an excited state u is 

I=N u hvA u i 

where A u i is Einstein's transition probability or rate 
(per second) from an upper state u to a lower state /. 
Since the number of magnetic sublevels in the upper 
state is 2J u + l=g u , the actual sublevel population is 

N u 1 Ik 



g u he g u A u 
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FIGURE 1. Population distribution among levels of Ar I in a 6.5 torr 
microwave discharge 



In the expectation that the population of levels in 
the discharge will depend primarily upon the energy 
of the levels above the ground state we attempt to 
represent the population distribution among the 
levels of Ar I by plotting log lkjgA as a function of 
E, the energy of the upper level. Such a plot for the 
6.5 torr microwave discharge in argon is shown in 
figure 1. 

In a plot such as that in figure 1, a straight line would 
represent a thermal equilibrium population distri- 
bution. In this case the population of the lower levels 
is declining at a rate that would correspond to a tem- 
perature of 5000 °K. Above about 117000 cm" 1 the 
slope gradually grows steeper. The important aspect 
of the plot from our standpoint is that, within the range 
of scatter of the points, it defines a relationship be- 
tween population and energy level value that is suffi- 
ciently regular to be used as an interpolation curve 
from which transition probabilities can be derived for 
the lines measured in the microwave discharge. 

Before we can be sure that the intensity data are 
suitable for reduction to transition probabilities, we 
must find out if there is any self-absorption affecting 
the stronger lines and we must be sure that the in- 
tensity scale is correct as a function of wavelength. 
In order to detect any self-absorption in the intensity 
data, we calculated from the transition probabilities 
of Shumaker and Popenoe [3) unabsorbed relative 
intensities for the strong 4s — 4/> transitions of Ar I 
as they would appear in Dieke and Crosswhite's dis- 
charge. The appropriate upper level populations are 
taken from figure 1. A plot of the ratio of Dieke and 
Crosswhite's intensities to the calculated ones versus 
the calculated (unabsorbed) intensities in figure 2 
shows that about three-quarters of the lines are self- 
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Figure 2. A plot of the ratio of Dieke and Crosswhite's intensities 
to unabsorbed intensities derived from Shumaker and Popenoe 's 
transition probabilities versus the unabsorbed intensity. 

All but seven of the lines in the 4s — 4p transition array show some self-absorption. 



absorbed in the microwave discharge. All values of 
log I nc larger than 5.7 are so affected. Only lines 
fainter than this have been plotted in figure 1. 

All of the lines from upper levels higher than the 4/> 
levels are much fainter than the self-absorbed lines. 
The strongest of the high level lines is only 6 percent 
as intense as the weakest of the self absorbed lines. 
We have therefore assumed all of the lines from high 
levels to be free of self-absorption. 

In discussing the accuracy of the intensity scale as 
a function of wavelength, we note, in the first place, 
that the scale of the tracings below 4000 A is ten times 
that of those above 4000 A. Furthermore, a plot of the 
ratio of A -values calculated from Dieke and Cross- 
white's intensities to those of M alone and Corcoran 
|7|, who measured about 20 /f -values in this region, 
shows that Dieke and Crosswhite's intensity scale, 
after allowing for this scale shift, gradually declines 
below 4150 A, until it is too small by about a factor of 10 
at 3550 A. For this reason we have not reported transi- 
tion probabilities from their data below 4150 A. Other 
comparisons (with data from table 1 and refs [2| and 
[3]) indicate that for the range 4150 to 8799 A their 
relative scale of intensities is correctly calibrated. 



4. Results From Dieke and Crosswhite's 
Measurements 

The results of our derivation of transition probabili- 
ties as outlined above are presented in tables 2 and 3 
for 240 lines of Ar I. The wavelengths and transition 
designations (in Paschen's notation) are taken from 
Dieke and Crosswhite's report. The energy levels in 
kaysers (cm -1 ) are taken from Moore's Atomic Energy 
Levels [8]. The statistical weights {g=2j+ 1) are listed 
next for the lower and upper levels respectively. The 
values of log / are read from the tracings in the D.-C. 
report and corrected for the background intensity level. 
The transition probabilities in the last column are 
given in units of 10 5 per second. They are calculated 
with the formula 



antilofi 



h>^ h 



l< 



Ik 
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Table 2. 



Transition probabilities for lines of Ar I arising from 
levels below 124000 kaysers 



Wave- 
length 



Transition Energy Levels 



ft &< 



Log/ 



K 



10 5 /s 



Wave- 
length 



Transition 



Energy Levels 



gi g„ Log/ 



10 5 /s 



4158.591 
4164.179 
4181.883 
4198.317 
4200.674 

4251.185 
4259.362 
4266.286 
4272.169 
4300.100 

4333.561 
4335.337 
4345.168 
4363.794 
4423.996 

4510.733 
4522.323 
4589.288 
4596.096 
4628.441 

4702.316 

5048.813 

5054.178 

5056.53 

5073.076 

5151.394 
5162.285 
5187.747 
5421.349 
5439.990 

5442.237 
5451.651 
5457.416 
5459.648 
5467.163 

5473.455 
5490.122 
5495.873 
5506.110 
5524.958 

5540.867 
5558.702 
5572.541 
5581.869 
5588.721 

5606.733 
5618.010 
5620.917 
5635.575 
5641.385 

5648.688 
5650.704 
5659.128 
5681.898 
5683.731 



ls.1 — 3p ( ; 

Is.-, — 3p 7 

lS; { — Sp> 
1*4 -3p S 

l*o -3p» 

ls 5 — 3pio 
ls 2 — 3pi 
ls.i — 3p (J 
ls 4 — 3p 7 
ls 4 -3p 8 

ls 2 — 3p. { 
ls 2 — 3p 2 
ls 2 — 3p 4 
ls 4 — 3pio 
ls 3 — 3p 7 

ls 2 — 3p 5 

lss — 3pio 

ls 2 — 3p (i 
ls-2 — 3p 7 
ls> — 3p H 

ls-j — 3pio 
2pio-5* 5 

2p, -4s2 
2p 10 -4s, 
2p H ) — 6dj 

2pm-6dn 
2p 10 -6d 5 
2p 1( ,-5s," 

2p 9 -5s 5 

2p,o-4s 4 

2p 9 — 6di ' 
2p,»-4s.-, 
2p s - 5s 4 
2p 9 — 6<^4 
2p 8 — 5s 5 

2p 8 -4s 2 
2p«-6J," 
2p»— 6cU' 
2p 8 - 6 di 
2p»-5si'" 

2p 9 -5s,"" 
2pio — Sd.i 
2p« — 5s/" 
2p 9 — 5s /' 
2p K -5si"" 

2pio-5cfc 

2p 7 -4s 2 
2p 7 - 45.5 
2p 7 -6d," 
2p 7 — 6d :i 

2p (i -5s 4 
2pio — 5d« 
2p«-5s 5 
2p«-6</,' 
2p, ; -6d," 



93143.80 
93143.80 
94553.71 
93750.64 
93143.80 

93143.80 
95399.87 
93750.64 
93750.64 
93750.64 

95399.87 
95399.87 
95399.87 
93750.64 
94553.71 

95399.87 
94553.71 
95399.87 
95399.87 
95399.87 

95399.87 
104102.14 
104102.14 
104102.14 
104102.14 

104102.14 
104102.14 
104102.14 
105462.80 
104102.14 

105462.80 
104102.14 
105617.32 
105462.80 
105617.32 

105617.32 
105617.32 
105462.80 
105617.32 
105462.80 

105462.80 
104102.14 
105617.32 
105462.80 
105617.32 

104102.14 
106087.30 
106087.30 
106087.30 
106087.30 

106237.60 
104102.14 
106237.60 
106237.60 
106237.60 



117183.65 
117151.39 
118459.66 
117563.02 
116942.82 

116660.05 
118870.98 
117183.65 
117151.39 
116999.39 

118469.12 
118459.66 
118407.49 
116660.05 
117151.39 

117563.02 
116660.05 
117183.65 
117151.39 
116999.39 

116660.05 
123903.30 
123882.30 
123873.07 
123808.60 

123508.96 
123468.03 
123372.99 
123903.30 
122479.46 

123832.50 
122440.11 
123935.97 
123773.92 
123903.30 

123882.30 
123826.85 
123653.24 
123773.92 
123557.46 

123505.54 
122086.97 
123557.46 
123372.99 
123505.54 

121932.91 
123882.30 
123873.07 
123826.85 
123808.60 

123935.97 
121794.15 
123903.30 
123832.50 
123826.85 



5 5 

5 3 

1 3 

3 1 

5 7 



3 5 

3 3 

3 3 

3 3 

1 3 



3 1 

3 3 

3 5 

7 5 

3 3 



4.43 
3.55 
3.66 
3.96 
4.48 

3.27 
4.00 
3.85 
4.03 
3.95 

3.97 
3.52 
3.50 
2.43 
2.10 

3.49 
3.10 
1.93 
3.12 
2.98 

3.26 
2.10 
1.80 
1.30 
1.61 

2.56 
2.97 
3.12 
2.57 
2.20 

1.93 
2.91 
2.13 
1.20 
1.70 

2.01 
1.74 
3.26 
2.57 
2.22 

1.36 
3.27 
2.84 
1.70 
2.13 

3.34 
1.85 
1.66 
1.78 
1.74 

1.92 
3.09 
2.10 
2.29 
1.34 



13.5 
2.90 
5.8 

25.9 
9.7 

1.32 
45. 
3.6 
9.0 
4.2 

7.4 

4.4 

4.1 

0.196 

0.109 

9.4 

0.95 

0.047 

1.19 

0.49 

1.43 
2.11 
1.72 
1.64 
0.66 

23.5 

19.3 

15.3 
6.7 
1.81 

1.05 

5.5 

4.2 

0.171 

0.91 

3.0 
0.96 
15.3 
4.0 
1.69 

0.32 

9.7 

7.1 

0.63 

1.90 

18.3 
2.15 
4.2 
1.08 
0.98 

2.66 
29.0 
2.36 
2.51 
0.39 



5700.874 
5739.519 
5772.114 
5783.541 
5789.477 

5802.080 
5834.264 
5860.310 
5882.624 
5888.583 

5912.085 

5916.58 

5927.111 

5928.812 

5940.86 

5942.668 
5949.260 
5964.479 
5968.315 
5971.604 

5981.90 

5987.303 

5994.66 

5999.000 

6005.725 

6013.679 
6025.152 
6032.127 
6043.223 
6052.723 

6059.372 

6064.758 

6081.245 

6085.86 

6090.786 

6098.805 

6101.16 

6113.463 

6119.662 

6121.86 

6127.416 
6128.726 
6145.441 
6155.239 
6165.123 

6170.173 

6173.095 

6179.41 

6212.502 

6215.942 

6230.928 
6243.396 
6248.406 
6278.652 
6296.874 



2p«-6d 4 

2p 7 -5s,"" 
2p«-5s,'" 
2p 7 -5s," 

2p (i -5s 1 "" 

2p 6 -6d 5 

2p 6 — 5s i" 
2pio-3s 2 
2pio-3s ;{ 
2p 9 -4s 5 

2pio-4s,' 

2p 8 -5d 2 

2p»-5d,' 

2p 8 -4s 4 

2p 5 -4s 2 

2p«-4s 5 

2p 4 — 5s 4 
2p 5 -5s,' 
2p 4 -4s, 
2p 4 -4s ;5 

2p 8 -5c?,' 
2p 9 — 5o? 4 
2p 4 -6d. { 
2p 8 -5</," 
2p :! — 5s 4 

2p.,-5d, 
2p 3 -4s 2 
2p<) — Sd 4 ' 
2ps-5d 4 
2pio-4s/" 

2pio-4s," 
2p 3 -6fl?4 
2p2 — 5s 4 
2p--5</, 
2p 5 -6d 5 

2p 7 -4 54 
2p 2 -4s 2 
2p 7 -4s 5 
2p 4 -6d 5 
2p 2 -6di" 

2p 8 -5r/ :> 

2[>>-6d :i 

2p. 5 -5si'" 

2p«-4s 4 

2p :5 -5s,"" 

2p 6 -4s 5 
2p 7 -5r/," 
2p 3 -6d 5 
2p«-5d,' 
2p 3 — 5si" 

2p 6 — Sdi" 
2p 2 — 6c/ 6 
2 P --5d, 
2p« — 5rf 4 
2p 2 -5si" 



106237.60 
106087.30 
106237.60 
106087.30 
106237.60 

106237.60 
106237.60 
104102.14 
104102.14 
105462.80 

104102.14 
105617.32 
105462.80 
105617.32 
107054.32 

105617.32 
107131.76 
107054.32 
107131.76 
107131.76 

105617.32 
105462.80 
107131.76 
105617.32 
107289.75 

105462.80 
107289.75 
105462.80 
105617.32 
104102.14 

104102.14 
107289.75 
107496.46 
106087.30 
107054.32 

106087.30 
107496.46 
106087.30 
107131.76 
107496.46 

105617.32 
107496.46 
107289.75 
106237.60 
107289.75 

106237.60 
106087.30 
107289.75 
106237.60 
107289.75 

106237.60 
107496.46 
106087.30 
106237.60 
107496.46 



123773.92 
123505.54 
123557.46 
123372.99 
123505.54 

123468.03 
123372.99 
121161.36 
121096.67 
122440.11 

121011.98 
122514.29 
122329.72 
122479.46 
123882.30 

122440.11 
123935.97 
123815.53 
123882.30 
123873.07 

122329.72 
122160.22 
123808.60 
122282.13 
123935.97 

122086.97 
123882.30 
122036.13 
122160.22 
120619.08 

120600.94 
123773.92 
123935.97 
122514.29 
123468.03 

122479.46 
123882.30 
122440.11 
123468.03 
123826.85 

121932.91 
123808.60 
123557.46 
122479.46 
123505.54 

122440.11 
122282.13 
123468.03 
122329.72 
123372.99 

122282.13 
123508.96 
122086.97 
122160.22 
123372.99 



5 7 

3 5 

5 7 

3 5 

5 5 



1.60 
2.79 
2.35 
1.60 
1.51 

2.34 
2.71 
2.81 
2.98 
3.21 

3.36 
1.64 
2.06 
2.95 
1.70 

2.51 
1.68 
1.60 
1.68 

2.17 

1.36 
2.65 
1.18 
2.43 
1.71 

2.36 
2.48 
3.86 
3.48 
2.97 

3.30 
1.84 
1.36 
0.90 
2.18 

2.63 
1.84 
1.84 
1.48 
0.90 

2.18 
1.70 
2.82 
2.42 
1.78 

2.74 
2.91 
1.23 
2.89 
2.58 

1.30 
1.48 
2.10 
1.48 
2.76 



0.45 

8.9 

2.38 

0.52 

0.47 

5.1 

6.7 

3.7 
15.8 
11.8 

12.2 
0.54 
0.56 

11.1 
1.61 

2.37 
1.61 
1.25 
1.54 
14.3 

0.113 

1.96 

0.288 

1.78 

1.74 

1.29 

9.8 
22.7 
13.4 

2.53 

5.4 

0.83 

0.79 

0.102 

3.7 

5.5 

2.28 

0.52 

0.74 

0.154 

1.38 
0.97 

7.5 
3.4 
0.94 

4.2 

5.5 

0.42 

4.0 

5.3 

0.137 

2.37 

0.74 

0.139 

8.1 
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Table 2. Transition probabilities for lines of Ar I arising from 
levels below 124000 kaysers — Continued 



Wave- Transitic 
length 



Energy Levels 



gi g u Log/ 



Wave- 
length 



Transition 



Energy Levels 



log/ 



l(K>/s 



K 



HF'/s 



6307.656 

6309.14 

6364.894 

6369.576 

6384.716 

6416.306 
6431.555 
6466.550 
6481.141 
6493.971 

6513.848 
6538.112 
6596.116 
6598.684 
6604.854 

6632.087 

6656.88 

6660.678 

6664.053 

6677.281 

6684.73 

6698.875 

6719.219 

6752.835 

6756.10 

6766.613 
6779.933 
6818.291 
6827.253 
6851.884 

6871.290 

6879.59 

6925.010 

6937.666 

6951.46 

6960.23 

6992.17 

7030.252 

7086.70 

7107.478 



2p 6 -54 

2/> 7 -5J 5 
2p 7 -S<k 
2p«-5rf 5 

2(> 10 — 35.1 

2p, 0-355 

2p H — 35» 
2p 5 -5d 2 
2/; 5 — 45 4 
2p«-4si' 

2p 4 -4s 4 
2p»-4si"' 
2p»— 4s/'" 
2p 3 -4s 5 
2p«— 4si'" 

2p 7 — 35 2 

2p 2 -5d 2 

2/> 7 — 35;$ 

2p«-4s,"" 

l5,-2/„ 

2p4 — 5c?3 
2/;« — 3s 2 
2p 5 -5</ 5 
2p 10 ~4d 3 
2p 3 -5d 3 

2p 6 -4s.i 
2pi-6d 5 
2p 4 - 5^6 
2p 3 -5rf 5 
2p2-5</ 3 

2pio-4d 5 

2p 7 -4si"" 

2p 2 -5rf 5 

2pio-4d« 

2p 6 -4si"" 

2p 8 -4si" 

2/> 2 — 5</« 
2/>>9 — 35-, 
2p 5 -3s 2 

2/; 8 — 35 5 



106237.60 
106087.30 
106087.30 
106237.60 
104102.14 

104102.14 
105617.32 
107054.32 
107054.32 
105617.32 

107131.76 
105462.80 
105462.80 
107289.75 
105617.32 

106087.30 
107496.46 
106087.30 
105617.32 
93750.64 

107131.76 
106237.60 
107054.32 
104102.14 
107289.75 

106237.60 
108722.67 
107131.76 
107289.75 
107496.46 

104102.14 
106087.30 
107496.46 
104102.14 
106237.60 

106237.60 
107496.46 
105462.80 
107054.32 
105617.32 



122086.97 5 5 3.00 5.9 
121932.91 3 3 1.84 0.65 
121794.15 3 1 2.23 4.5 
121932.91 5 3 2.66 4.3 
119760.22 3 3 3.15 4.6 

119683.11 3 5 3.83 12.8 

121161.36 5 3 2.08 0.76 

122514.29 1 3 2.15 1.92 

122479.46 1 3 1.48 0.41 

121011.98 5 3 1.76 0.34 

122479.46 3 3 1.65 0.61 

120753.52 7 7 2.78 1.35 

120619.08 7 5 1.95 0.263 

122440.11 5 5 1.70 0.41 

120753.52 5 7 3.07 2.66 



121161.36 3 3 

122514.29 3 3 

121096.67 3 1 

120619.08 5 5 

108722.67 3 1 

122086.97 3 5 

121161.36 5 3 

121932.91 1 3 

118906.66 3 5 

122086.97 5 5 

121011.98 5 3 
123468.03 1 3 
121794.15 3 1 
121932.91 5 3 
122086.97 3 5 



1.60 
1.40 
2.60 
2.76 
3.96 

1.78 
2.45 
2.48 



2.87 
1.70 
1.84 
2.34 
1.90 



120619.08 3 5 

121932.91 3 3 

118512.17 3 1 

120619.08 5 5 

120600.94 5 5 

121794.15 3 1 

119683.11 7 5 

121161.36 1 3 

119683.11 5 5 



2.86 
2.28 



3.08 
2.58 



0.260 
0.35 

7.5 

1.72 

3.1 

0.38 
1.86 
3.0 



4.28 28.2 
2.68 3.0 



4.5 

1.36 

1.97 

2.22 

0.51 



118651.45 3 3 4.23 38. 



2.23 
1.96 



3.90 51. 
3.06 3.6 



3.7 
11.1 



4.26 38. 
2.40 1.75 
3.38 5.0 



7125.825 

7147.041 

7158.83 

7162.57 

7206.981 

7229.93 

7265.173 

7270.66 

7272.935 

7285.44 

7311.724 

7316.007 

7350.78 

7353.316 

7372.119 

7392.97 

7412.334 

7425.290 

7435.33 

7471.168 

7484.24 
7510.42 
7618.33 
7628.86 
7670.04 

7891.078 
8053.305 
8605.779 
8667.944 
8761.691 

9194.637 
9291.58 
9354.218 
9784.501 



2/a,-35 2 

155-2/A, 

2p 4 - 35 3 

2/A5-45,' 
2/J3-352 

2p H -M x " 
2p 7 -4d 2 
2/a, — 4r/ 4 

l5 4 — 2/> 2 

2/> :{ -45,' 

2/> 7 - 35 4 
2pa — 35 2 

2/>2-35 :{ 

2/>H-4r/ 4 
2p 9 -4d 4 ' 

2/> (i — 3s 4 
2p 4 -45,'" 
2p 3 — 4si'" 
2p 6 -3s 5 
Is, — 2/; i 

2/> 7 -4f/r 

2p 3 -4si" 

2/>2-45,'" 
2/>2-45," 
2p H - 4f/; ( 

2p<^-^(l■^ 
2/;, ; -4r/, 
2/>. { — 4 da 

l5. { -2/> 7 

2p 2 -4<*3 

2/>,o-252 

2pio— 2s 3 
l5 2 -2/; 7 
ls 2 -2p« 



107131.76 
93143.80 
107131.76 
107054.32 
107289.75 

105617.32 
106087.30 
105462.80 
93750.64 
107289.75 

106087.30 
107496.46 
107496.46 
105617.32 
105462.80 

106237.60 
107131.76 
107289.75 
106237.60 
93750.64 

106087.30 
107289.75 
107496.46 
107496.46 
105617.32 

106237.60 
106237.60 
107289.75 
94553.71 
107496.46 

104102.14 

104102.14 

95399.87 

95399.87 



121161.36 
107131.76 
121096.67 
121011.98 
121161.36 



3.06 
5.00 
3.11 
2.11 
3.63 



119760.22 
121161.36 
121096.67 
119212.93 
119023.70 



119760.22 5 3 

120619.08 3 5 

120753.52 5 7 

119683.11 5 5 

107131.76 3 3 

119444.88 3 5 

120600.94 5 5 

120619.08 3 5 
120600.94 
118651.45 



3 5 
5 3 



118906.66 5 5 

118651.45 5 3 

118906.66 5 5 

106087.30 1 3 

118906.66 3 5 

114975.07 3 3 

114861.67 3 1 
106087.30 3 3 
105617.32 3 5 



3.49 
3. 1 1 
2.78 
4.00 
4.45 

3.38 
3.28 
3.23 
3.77 
3.51 

3.43 
3.18 
2.90 
3.15 
2.90 

3.48 
3.26 
3.40 
5.54 
3.54 

4.42 
4.04 
5.11 
5.69 



8.0 
7.7 

26.0 
0.83 

30. 



119444.88 5 5 2.45 0.55 

119847.81 3 3 2.88 2.91 

119212.93 7 7 3.04 1.37 

107496.46 3 3 5.29 17.2 

121011.98 5 3 2.32 1.37 



11.4 
9.3 
12.5 
12.6 
25.9 

8.9 
6.3 
4.3 
12.9 
0.261 

5.4 

5.1 

2.71 

4.8 

1.98 

5.2 
4.8 

4.7 

24.0 

6.7 

24.9 
31. 

9.6 
20.0 
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Table 3. Transition probabilities for lines of Ar I with upper levels between 124500 and 126300 kaysers 



Wave- 


Transition 


Energy 


Levels 


fTf 


?« 


Log/ 


A 


Wave- 


Transition 


Energy 


Levels 


Si 


**!! 


Log/ 


A 


length 


















length 


















A 






K 










10-Vs 


A 






K 








lO-'/s 


4544.746 


2pi 


-llflfe 


104102.14 


126099.49 


3 


3 


0.70 


0.93 


5177.540 


2p 9 - 


-655 


105462.80 


124771.67 


7 


5 


1.90 


2.79 


4554.319 


2pio 


-7 5 ," 


104102.14 


126053.21 


3 


5 


0.60 


0.43 




















4584.958 


2p,„ 


-lOds 


104102.14 


125906.61 


3 


5 


1.30 


1.83 


5210.492 


2p,- 


-7d 4 


105462.80 


124649.55 


7 


7 


1.72 


1.21 


4586.610 


2p, 


-10<f 3 


104102.14 


125898.64 


3 


3 


1.23 


2.60 


5214.774 


2p H - 


-7d, 


105617.32 


124788.39 


5 


3 


1.59 


2.34 


4587.21 


2p,o 


-lOde 


104102.14 


125895.72 


3 


1 


1.08 


5.5 


5216.28 


2p«- 


-6s 4 


105617.32 


124782.77 


5 


3 


1.40 


1.51 




















5221.269 


2p 9 - 


-7d 4 ' 


105462.80 


124609.92 


7 


9 


2.76 


9.9 


4642.148 


2p,o 


-9da 


104102.14 


125637.93 


3 


5 


1.18 


1.09 


5241.091 


2p«- 


-7d x " 


105617.32 


124692.02 


5 


5 


1.65 


1.48 


4647.493 


2pio 


-9d s 


104102.14 


125613.12 


3 


3 


1.08 


1.41 




















4746.823 


2pio 


-8d« 


104102.14 


125163.00 


3 


1 


1.23 


4.0 


5246.24 


2p«- 


-W 


106237.60 


125293.65 


5 


7 


1.48 


1.24 


4752.940 


2pio 


-Sds 


104102.14 


125135.90 


3 


3 


1.83 


5.1 


5249.20 


2p«- 


-8d 3 


106237.60 


125282.97 


5 


2 


1.20 


0.89 


4768.675 


2p 10 


— 6s/' 


104102.14 


125066.50 


3 


5 


2.00 


4.3' 


5252.786 


2ps- 


-7d 4 


105617.32 


124649.55 


5 


7 


2.42 


6.1 




















5254.471 


2p 7 - 


-6s,"" 


106087.30 


125113.48 


3 


5 


1.93 


4.1 


4798.742 


2p 9 - 


-I2d 4 ' 


105462.80 


126295.79 


7 


9 


1.08 


0.99 


5286.071 


2p 6 - 


-65/" 


106237.60 


125150.00 


5 


7 


1.48 


1.09 


4835.97 


2p 9 - 


-Ud 4 ' 


105462.80 


126135.42 


7 


9 


1.18 


1.05 




















4836.697 


2p,o 


-655 


104102.14 


124771.67 


3 


5 


1.54 


1.14 


5290.00 


2p«- 


-8<4 


106237.60 


125135.90 


5 


3 


1.08 


1.02 


4876.261 


2pio 


-7d :5 


104102.14 


124603.96 


3 


5 


2.20 


4.6 


5309.517 


2p 6 - 


-6s/' 


106237.60 


125066.50 


5 


5 


1.42 


1.25 


4886.29 


2p 9 - 


-I0d 4 ' 


105462.80 


125922.53 


7 


9 


1.36 


1.30 


5317.726 


2p 3 - 


-7s,'" 


107289.75 


126089.56 


5 


7 


1.51 


2.96 




















5373.495 


2 P7 - 


-ld x " 


106087.30 


124692.02 


3 


5 


1.95 


3.0 


4887.948 


2pio 


-7d, 


104102.14 


124554.94 


3 


3 


2.18 


7.0 


5393.971 


2p«- 


-6s 5 


106237.60 


124771.67 


5 


5 


1.48 


1.10 


4894.691 


2pio 


-7r/« 


104102.14 


124526.75 


3 


1 


1.78 


8.3 




















4921.042 


2ps- 


-\0d 4 


105617.32 


125932.59 


5 


7 


0.95 


0.66 


5410.475 


2p«- 


-7di' 


106237.60 


124715.16 


5 


7 


1.95 


2.28 


4937.718 


2p 9 - 


-855 


105462.80 


125709.45 


7 


5 


0.70 


0.41 


5492.086 


2p 4 - 


- 5S;j 


107131.76 


125334.75 


3 


1 


1.30 


6.3 


4956.750 


2p»- 


~9d 4 ' 


105462.80 


125631.69 


7 


9 


1.68 


2.05 


5528.967 


2p 5 - 


-8d 5 


107054.32 


125135.90 


1 


3 


1.18 


1.34 




















5534.490 


2pa- 


- 5s 2 


107289.75 


125353.31 


5 


3 


1.40 


2.7 


4989.948 


2p„- 


-9d 4 


105617.32 


125652.04 


5 


7 


1.32 


1.16 


5552.773 


2p 4 - 


-Sd 5 


107131.76 


125135.90 


3 


3 


1.00 


0.89 


5032.026 


2p 9 - 


-7s 5 


105462.80 


125329.99 


7 


5 


1.20 


0.92 




















5060.079 


2p 9 - 


-U 4 ' 


105462.80 


125219.88 


7 


9 


2.16 


4.2 


5597.478 


2p.? - 


-6s,'" 


107289.75 


125150.00 


5 


7 


2.10 


4.8 


5070.99 


2p s - 


-7s 4 


105617.32 


125331.93 


5 


3 


1.48 


2.94 


5623.778 


2p 3 - 


-6s," 


107289.75 


125066.50 


5 


5 


1.64 


2.19 


5078.03 


2p 9 - 


-6s/" 


105462.80 


125150.00 


7 


7 


1.18 


0.53 


5637.330 


2p 5 - 


-7d, 


107054.32 


124788.39 


1 


3 


1.20 


1.03 




















5639.123 


2p 5 - 


-6s 4 


107054.32 


124782.77 


1 


3 


1.56 


2.37 


5087.085 


2p«- 


-M 4 


105617.32 


125269.52 


5 


7 


1.68 


1.87 


5712.512 


2p 5 - 


-7dk 


107054.32 


124554.94 


1 


3 


1.26 


0.98 


5104.74 


2p 7 - 


-9d x " 


106087.30 


125671.53 


3 


5 


1.08 


0.98 




















5118.206 


2p«- 


-65/" 


105617.32 


125150.00 


5 


7 


1.93 


2.98 


5773.994 


2p 3 - 


- 7 da 


107289.75 


124603.96 


5 


5 


1.65 


1.52 


5127.802 


2p 8 - 


-65/'" 


105617.32 


125113.48 


5 


5 


1.30 


0.94 





















where X, g, and log 7 DC are the values in tables 2 and 3 
and log IX/gA was read with a precision of 0.01 (3%) 
from the ordinate of a large scale plot of figure 1 for 
each upper energy level. 

The 184 lines reported in table 2 arise from levels 
in Ar I below 124000 cm -1 where the population curve 
in figure 1 is well calibrated. The 56 lines in table 3 
arise from levels in the range of energy from 124000 
to 126300 cm" 1 where the population curve is extrapo- 
lated. If we assume that the error arising from the 
extrapolation does not exceed the difference between 
the curve as shown in figure 1 and a tangent line 
drawn to the curve at 124000 cm -1 then we can say 
that the uncertainty of the values in table 3 will grad- 
ually increase with increasing upper energy level to a 
maximum value of 60 percent at 126300 cm -1 . Ex- 
trapolation is always an unsatisfactory procedure but 
the possibility of obtaining transition probabilities in 
this energy range is otherwise remote. In the high- 
current constricted arc experiments, for example, these 
energy levels are practically obliterated by level 
broadening and lowering of the ionization potential. 

Some measure of the accuracy of the relative values 
of the Dieke-Crosswhite transition probabilities of 



table 2 can be obtained by comparison with mean 
relative values for those lines on which extensive reli- 
able measurements have already been reported. For 
this purpose the arc transition probabilities reported 
above as well as those of Drawin [9], Gericke [10], 
Olsen [11], Popenoe and Shumaker [2], Bott [12], and 
Wiese [13] together with the shock tube values of 
Coates and Gaydon [14] and the RF heated plasma 
values of Malone and Corcoran [7] were averaged 
together as relative values and adjusted to the abso- 
lute transition probability scale used here. These 
mean values and the standard deviations of the indi- 
vidual determinations are shown in column 5 of table 1. 
The corresponding Dieke-Crosswhite derived values 
from table 2 are shown in column 6 for comparison. 
The deviations of column 6 from the mean values in 
column 5 average 11 percent compared to an average 
standard deviation in column 5 of 7 percent. 

The status of the absolute transition probabilities 
is somewhat less satisfactory. The absolute scale used 
throughout this paper is that which, in arc measure- 
ments, is consistent with electron densities determined 
from the shape of the 4861 A line of impurity hydrogen 
[2, 5, 13, 15]. This scale is in agreement with the small 
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number of direct lifetime measurements in Ar I [16| 
but leads to the conclusion that Ar II levels in the arc 
experiments are not in L.T.E. [5]. However, if in such 
arc experiments complete L.T.E. is assumed and the 
plasma diagnostics are based upon the Fowler-Milne 
method [11] or Richter's generalization of it [4] instead 
of upon electron density measurements, then an abso- 
lute scale for Ar I transition probabilities generally 
about 25 percent lower is indicated. This latter inter- 
pretation of the experiments produces Ar I transition 
probabilities in agreement with shock tube measure- 
ments [14] and also Aril transition probabilities 
consistent with Aril lifetime measurements [17, 18]. 
At the present it is not clear which interpretation, if 
either, is correct and the possibility that our results are 
systematically too high must be admitted. 

5. References 



|1| G. II. Dieke and H. M. Crosswhite, The Spectrum of Ar I, The 
Johns Hopkins University, Department of Physics, Balti- 
more (1954). 



[2| C. II. PopenoeandJ. B. Shumaker, Jr., J. Res. NBS69A(Phys. 

and Chem.) No. 6.495 (1965). 

[3] .1. B. Shumaker, Jr. and C. H. Popenoe, J. Opt. Soc. Am. 57, 
8 (1967). 

|4| J. Richter, Z. Astrophysik 61, 57 (1965). 

[5j J. (.. Morris. H. L. Garrison, and K. U. Krey, private communi- 
cation and Bull. Am. Plus. Soc. 12, 81 I (1967). 

|6| \\. L. Wicso and J. B. Shumaker. Jr.. J. Opt. Soc. Am. 51, 
937 (1961). 

|7| B. S. Malone and W. II. Corcoran. J. Quant. Spcctrosc. Badiat. 

Transfer 6,443 (1966). 
[8| C. E. Moore, Atomic Energy Levels, NBS (arc. 467, 1, 21 1 (1949). 
|9] H.-W. Drawin, Z. Phys. 146, 295 (1956). 
1 101 W. E. Gericke, Z. Astrophysik 53, 68 (1961). 
[11| H. N. Olsen, J. Quant. Spectrosc. Radiat. Transfer 3, 59 (1963). 
|12] J- F. Bott, Physics of Fluids 9, 1540 (1966). 
1 13) W. L. Wiese, Eighth Internat. Conf. Ion. Phenom. in Gases, 

Vienna (1967). 
1 14| P. B. Coates and A. G. Gaydon, Proc. Roy. Soc. (London) A293, 

452 (1966). 
[15] B. Wende, Z. Phys. 198, 1 (1967). 
[16] J. Z. Klose, J. Opt. Soc. Am. 57, 1242 (1967). 
|17J W. R. Bennett, Jr., P. J. Kindlmann, and G. N. Mercer, Appl. 

Opt. Suppl. 2,34(1965). 
[18] J. Bakos, J. Szigeti, and L. Varga, Physics Letters 20, 503 

(1966). 

(Paper 71A6-473) 



581 



